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Abstract 

We study the conditions an arbitrary flux configuration must fulfill in order to 
construct a 4d space-time of the type AdS2 x S 2 from a type IIB supergravity 
flux compactification in which NS-NS fluxes are included. We present a solution 
consisting on a compactification in the presence of 3-form NS-NS and RR fluxes. The 
internal manifold is a SU(3) structure six-dimensional manifold, with null curvature 
and with torsion. By preserving two supersymmetries in the four-dimensional low 
energy theory, we find a way to obtain the A0IS2 x S 2 geometry as a near-horizon 
solution by compactification in non-Calabi-Yau manifolds. 
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1 Introduction 



Solutions of AdSi x S 2 as near-horizon geometries of extremal black holes have been stud- 
ied in the past years in the context of N = 2, d = 4 ungauged supergravity by performing 
Calabi-Yau (CY) compactifications in type II superstring theories (see [1] and references 
therein). A typical example considers type IIB superstring theory compactified on a CY 
threefold on which D3-branes wrap internal supersymmetric three-cycles. In the low energy 
four-dimensional (4d) effective theory, this is interpreted as an extremal supersymmetric 
black-hole. The AdS2 x S 2 geometry emerges once the corresponding near-horizon limit 
is taken. This is equivalent to consider a compactification of type IIB superstring to a 2- 
dimensional space-time in a CY threefold Xq times S 2 threaded with a 5-form RR flux of 
the form F$ = 002 A F3 , where U2 is the unit volume form on S 2 and -F3 a 3- form in Xq . The 
5-form F§ is the corresponding field strength associated to the aforementioned D3-branes [2]. 

On the other hand, we have learned in the past decade that CY compactifications in 
string theory yields the presence of flat potentials in the low energy effective theory, which 
becomes moduli-dependent once internal fluxes are turned on. The consequent back-reaction 
forces the departure of the nice and smooth geometry on CY manifolds into manifolds with 
generalized geometry. In this context, string compactifications to Minkowski, anti-de-Sitter 
(AdS) and de Sitter spaces have been extensively studied in the past few years [5J 01 [5j [6] 
(see also [7J EJ E] for recent studies). In particular, the construction of gauged supergravities 
from type II compactifications on CY manifolds threaded with Ramond-Ramond (RR) and 
Neveu-Schawrz-Neveu-Schwarz (NS-NS) fluxes has been studied, where the hypermultiplet 
scalars become charged under the gauge bosons in the vector multiplet. 

However, it is known that not all gauged supergravities are obtained from flux com- 
pactifications on CY manifolds, since some of them are constructed by compactifications on 
manifolds with generalized structures (see, for instance, |10j and references therein). In other 
cases, the gauged supergravity does not have a (known) related flux string compactification, 
although maximal symmetric solutions have been studied in such scenarios [TT] with the 
subsequent construction of black-hole solutions [12]. Therefore, in the context of gauged su- 
pergravities constructed from flux compactifications on manifolds with generalized geometry, 
supersymmetric black holes is a topic under recent research. In a similar context, within the 
flux compactification scenario (including NS-NS fluxes), the construction of solutions of the 
type AdS2 x S 2 has not been considered in the literature so far. The objective of this work 
is to start filling this gap. 

We study the conditions under which a flux string compactification yields a 4d space-time 
of the type AdS2 x S 2 , on which arbitrary fluxes are present, including NS-NS fluxes. We 
find a general constraint that a flux configuration must fulfill in order to be consistent with 
the desired 4d symmetry. A general solution is difficult to obtain, therefore by constraining 
the system to have a constant dilaton and in consequence a constant warping factor, we find 
a simple minimalist solution. It consists on a compactification of type IIB string theory on 
a S'C/(3)-structure manifold, Ricci-flat and with torsion, in the presence of RR and NS-NS 
3-form fluxes. We show that our flux configuration is a solution of the Einstein equations 
with a null contribution to the scalar curvature in 4d and that it satisfies the corresponding 
Bianchi identities and integrability conditions. As a result, we provide a novel way to obtain 
the AdS2 x S 2 geometry as a near-horizon solution. It is also important to mention that the 
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known solution consisting on 5-form RR fluxes is also a solution in our setup. 

Our work is organized as follows. In Sec. 2, we study, in the spirit of [13], the allowed 
flux configurations in supergravity compactifications yielding a Ricci-flat space-time formed 
by the product AdS2 x S 2 , by computing the contribution of the energy-momentum tensor of 
n-form fluxes to the scalar curvature. We also study the compatibility of such configurations 
with Einstein equations and Bianchi identities. We find a simple minimalist flux configuration 
fulfilling these constraints consisting on 3-form RR and NS-NS fluxes. In Sec. 3, we compute 
the scalar curvature of the 2d AdS2 and S 2 spaces as a function of the flux numbers from the 
integrability conditions on the lOd spinors on type IIB supergravity. Specifically, we choose 
the minimalist flux configuration formed by the 3-forms previously found in Sec. 2. In this 
case, however, we do not assume any a priori relationship among the fluxes. Instead, we look 
for solutions preserving J\f = 2 supergravity in 4d. This condition relates the coefficients of 
the 3-form fluxes, which together with the maximal symmetry assumption for the 2d spaces, 
imposes the space-time AdS2 x S 2 to be Ricci-flat. At the end, we briefly comment on nonzero 
curvature solutions and flux compactifications to 4d with a space-time preserving a black-hole 
symmetry. Finally we give our conclusions. The appendix is devoted to show our conventions 
and notations. 



2 Flux supergravity compact ificat ion 

In this section, we study which type of fluxes are compatible with a 5*0(1, 1) x SO (2) x SU (3) 
symmetry, which corresponds to a compactification of lOd type IIB string theory on a 6- 
dimensional manifold Xq with 577(3) structure, into a 4d space-time with a geometry of the 
type AdS2 x S 2 . The allowed fluxes could have different contributions to the scalar 4d cur- 
vature if and only if the total contribution vanishes. 

For that, let us start by considering the most generic lOd metric compatible with Poincare 
invariance in 4d given by |14[ [T5] 

ds 2 = e 2A ^ (g ij dx i dx j + g ab dx a dx b ) + h mn dy m dy n . (2.1) 

The coordinates in AdS2 are labeled by indices i,j = 0, 1 and coordinates in S 2 are labeled 
by indices a,b = 2, 3. For a generic 4d coordinate, we shall use the standard Greek indices 
fi,v = 0, ■■■ ,3 . 

By the Einstein trace-reversed equations, the Ricci scalar R(gij) = Rm for AdS2 satisfies 
the relationship, 

+ e 2A {-Tl + l -Tt) = e~ 2A V 2 e 2A , (2.2) 

where Tmn is the energy-momentum tensor in lOd. Integration over the internal manifold 
fixes the right-hand side of this equation to vanish, establishing a relation among the curvature 
of the 4d space-time and the field content contribution carried by the second term in the left- 
hand side. The contribution of a general n-form T n is given by the standard expression of 
its energy- momentum tensor |13[ [16] , which reads 

7(i) = -Tt + -Jt = -FiM^M^F^-^ + ^7- 2 . (2.3) 
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A similar result is obtained for R/ 2 ) and 7(2) for S 2 . Hence, to preserve a S0(1, 1) x 50(2) 
symmetry in 4d, it is necessary to consider specific flux configurations. Internal fluxes, de- 
noted by J~n lt i with all its legs on the internal manifold and fluxes with two legs on AdS 2 
or 5 2 , are allowed by this symmetry. The latter are of the form T n = 0J2 A T n -2 , where 0J2 
is a 2-form with coordinates on one of the two subspaces. As we shall see (and opposite to 
the internal fluxes), the contribution of these n- forms J- n to the curvature can be positive or 
negative. 



2.1 Ricci flat space from supergravity flux compactification 

Following [131 EB] , we study the contribution to the 4d Ricci scalar R by fluxes compatible with 
the symmetry 50(1, 1) x 50(2). For that let us firstly consider a n-form flux T n = 0J2 A/ n -2, 
where 0J2 is the volume 2-form of the space-time AdS2- In this case, the first term in the 
right-hand side of Eq. (j2.3|) is given by 

/-,/.,.../... = ^F 2 (2.4) 

from which the corresponding contribution to R by 7(i) is 

7m = n -^T\ (2.5) 



Since T 2 < it follows that all field strengths n-forms in type IIB theory contribute positively 
to 7(i) and negatively to R(i), except for 9-forms for which the 2d curvature vanishes. 

Another set of forms compatible with the symmetry consists on fluxes of the form Q n = 
UJ2 A g n —2 where UJ2 is the volume 2-form of 5 2 . For these kind of fluxes, the contribution to 
^(2) by 7(2) has the same form as 7(i) , 

Tm = (2.6) 



Therefore, the contribution to the corresponding curvature of any n-form in type IIB is always 

n-l 
2n 



positive. On the other hand, internal fluxes T n contribute negatively to R with 7~ = ^r-^-J- 2 , 



while fluxes of the form Q n = V0I4 A h n -4 contribute to the curvature by T = — ^^Qn- 

From this, we see that a Ricci-flat 4d space-tim^f] is a permissible solution from lOd 
supergravity flux compactification into a 4d space-time given by the AdS2 x S 2 geometry 
since 

R 4 = R {1) + R {2) = -e 2A T = -e 2A (T {1) + T {2) ) , (2.7) 

vanishes for flux configurations for which 7m + 7(2) = 0. It is worth mentioning that this 
condition can be fulfilled not only by RR 5-forms of the type F5 = L02 A F3, as mentioned at 
the introduction, but by a wide number of flux configurations. Notice as well that the fluxes 
T n and Q n can be chosen such that no tadpole is generated in the internal space Xq, implying 
that extra negative-tensioned objects, as orientifolds, are not required. This fact allows to 



3 As the reader can easily check, a Ricci-flat space-time is just one possible solution. We can also construct 
a space-time with a positive or negative Ricci scalar, as seen in Sec. 3.3. 
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keep two supersymmetries in four dimensions. 



Before continuing, it is important to keep in mind that our goal is to select a simple flux 
configuration involving NS-NS fluxes and to show explicitly that it is compatible with Bianchi 
identities and with the integrability conditions on the ten-dimensional spinors. 



2.2 Examples 

We focus on type IIB supergravity compactifications. As a first example, consider a 5-form 
F5 of the form /2 A F3 with coefficients given bj@ Fij mnp and -F a b mnp . The corresponding 2d 
scalar curvatures are then given by 

e 2A{y \ ~ e 2A ^\ „ , . 

R(i) = — —\ F s\> R m = -5- 1^1 • ( 2 - 8 ) 

Therefore, the 4d curvature vanishes. Ignoring the back-reaction of such fluxes on the geom- 
etry of the internal manifold, this case corresponds to a compactification on a CY to a 4d 
space-time with a geometry of the type AdS2 X S 2 . This is precisely the well-known scenario 
described in [2] in which the near-horizon geometry is constructed from a flux compactifica- 
tion on a CY. 



A more general flux configuration can be chosen. Consider, for instance, an n-form H n 
with two legs on AdS2 (and the rest of them on the internal space X§) and an internal flux 
J- m . The corresponding 4d scalar curvature vanishes if 

_ *L2Lzi^. (2.9) 

9 — n m 

Simpler flux configurations can be studied. In particular, we shall focus on the case in 
which NS-NS 3-form fluxes are turned on. Specifically, let us consider the flux configuration 
consisting on a NS-NS flux #3 and a RR flux F% given by 

H 3 = (Ndx° A dx 1 + Mdx 2 A dx 3 ) A da, 

F 3 = [Pdx° A dx 1 + Qdx 2 A dx 3 ) A da, (2.10) 

with a a function of internal coordinates. The curvatures, according to Eqs. (j2.5|) . are given 
by 

R {1) = -2e 2A(y) {N 2 + P 2 )(Va) 2 , and 

R {2) = 2e 2A(y) (M 2 + Q 2 )(Va) 2 . (2.11) 

Then, we see that by taking M 2 + Q 2 = N 2 + P 2 , the total 4d curvature vanishes. Under 
these conditions, the 4d space-time with an AdSi x S 2 geometry becomes the near-horizon 
limit of an extremal Reisnner-Nordstrom black-hole. 



Some comments are given in order: First, notice that we are assuming an internal six- 
dimensional space with SU(3) structure, for which it is not possible to expand a flux in terms 
of internal vector components. That is the reason we have assumed a smeared internal leg 
for the 3-form fluxes as the most general case. Second, observe that in this case, H3 A F3 = 0. 

4 Remember that we are labeling 2d coordinates x on AdS2 with letters {i, j, k, 1} and on S 2 with letters 
{a, b, c, d}, while internal coordinate are denoted by indices {m,n,p, ...}. 
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This means that our choice is consistent with the absence of a RR fiveform flux. Also, notice 
that this does not force the six-dimensional internal space to be a CY manifold, since torsion 
terms are induced as we shall mention in the next section. Meanwhile, our next step is verify 
that the above flux configuration is compatible with lOd Einstein equations and with the 
corresponding Bianchi identities. 

2.3 Einstein equations 



Following Tfij. we start by computing the corresponding 2d Ricci tensors. Written in the 
string frame, the bosonic part of the type IIB superstring action reads 

' V°*v^e- 2 ^--i— |G 3 | 2 Y (2.12) 



2k( J \ 12 Imr 

with Gmn being the lOd metric and G3 = F3 — TH3. Then, it follows that the 10-dimensional 
component of the Ricci tensor is given by, 

Rain = {^ Gmn ~ ^ g mqrG n QR ^ ■ (2.13) 

To preserve the symmetries of the compactification setup, the most general metric we shall 
consider is 

ds 2 = e 2A{v) g ij dx i dx j + e 2B{v) g ab dx a dx b + e- 2A{y) h mn dy m dy n . (2.14) 

Here, we have assumed in principle two different warping factors for the two-dimensional 
subspaces AdS2 and S 2 . The corresponding Ricci tensors are 

fly = fly _ e 4A (v 2 A + 2VA • VB - 2(VA) 2 ^ g {j , (2.15) 

Rab = Rab ~ e 2(A+B) (V 2 B - 2VA ■ VB + 2(V£) 2 ) g ab , (2.16) 

where, following standard notation, V is the covariant derivative with respect to the non- 
warped metric h mn . From these expressions and the corresponding components of Eq. ([2.13p . 
the Ricci tensors for each subspace written in terms of the nonwarped metric are given by 

/ \ 1 /r< 2 i 



fly = e^(V'A + 2VA-VB-2(VAy)g ij - — \^G ij - J G iQR G j 



R ab = e ^ A + B ) (y 2 B - 2VA ■ VB + 2(Vfl) 



9ab 



-ib-M G °>-\ G ^ QR )- < 2i7 » 

As it was done for the four-dimensional maximally symmetric case [16], we proceed to com- 
pute the corresponding Bianchi identities and look for possible constraints the fluxes must 
fulfill. This method has been used to determine the supersymmetric conditions on the fluxes 
for type IIA and type IIB compactifications on maximally symmetric 4d spaces. We shall 
not give a rigorous proof that such method works for our case; instead, we shall show that 
such method consistently fixes some variables for the special case we are studying. 
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2.4 Bianchi identities 

Since we are dealing with 3-form fluxes with a smeared leg on the internal space, the Bianchi 
identities for F3 and H% are trivially satisfied. To look for more stringent conditions on the 
fluxes, we study the dual Bianchi identities 

d* F 3 = d* #3 = 0, (2.18) 

which yields the pair of equations 

(Q + tM) (-2<9 m (2,4 + B)d m a + d 2 aj = 

(P + tN) (+2d m {-4A + B)d m a + d 2 a) = 0. (2.19) 



It immediately follows that A = B for nonvanishing Q + tM and P + tN. It seems that, 
even though the two-dimensional subspaces AdS2 and S 2 are independent, they share the 
same warping factor in a background threaded with fluxes given by (|2.10|) . Hence, under this 
condition, the above pair of equations reduces to 

3 2 a = 6e- 2A d m Ad m a = ^e- 6A (d m e 4A ){d m a). (2.20) 

Comparing Einstein Eqs. (|2.17p with the Bianchi identity for components in AdS2, we see 
that 

V 2 (e AA -a) = 2R {1) + l -e- &A {d m e iA d m e' A )-\d m e 4A d m a 

+ — - — (-P 2 - ttN 2 + 2(Jm t)PN) e- 2A d m ad m a, (2.21) 
Aim t ' 

where we have taken the configuration in (I2.10P to compute the flux components. Similarly, 
for coordinates on S 2 , we get 

V 2 (e 4A - a) = 2R (2) + ^e~ QA {8 m e 4A 8 m e AA ) - h m e 4A d m a 

+— - — (Q 2 + rfM 2 + 2(Im t)QM) e~ 2A d m ad m a. (2.22) 
41m t 

Since R 4 = R(\) + R( 2 ) must vanish for AdS 2 x S 2 , adding Eqs. (f23T|) and (p^2|) yields 

V 2 (e 4A -a) = e- 6A (d m e iA d m e 4A )-3d m e 4A d m a + —^—((Q 2 -P 2 )-Tf(M 2 -N 2 ) 

41m t 

+2(Jm t)(QM + PN)) e- 2A d m ad m a. (2.23) 

The left-hand side of this equation integrates to zero in a compact manifold constraining the 
values of the flux numbers and the warping factor A. 

Solutions with a nonconstant warping factor seem difficult to find in the general case. 
The most general solution would relate the warping factor A with the function a and the 
flux numbers. Such analysis is beyond the scope of this study and we leave it for a future work. 

Instead, we concentrate on the simplest solution involving a constant warping factor A. 
Our goal is to find the minimal conditions under which we can construct the Robinson- 
Bertotti solution on four dimensions. There are some cases to consider (all of them satisfying 
the general condition for 7 = 0, M 2 + Q 2 = N 2 + P 2 ) in which Eq. (I2.23D vanishes: 
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1. (M, N, P, Q) ^ and M = -N, Q = P 



2. 


P = 


and 


M 
Q 


TT—1 

~ 2 Im t 


3. 


Q = 


and 


N 
P 


Tf+1 

2 Im t 


4. 


N = 


and 


Q 
M 


TT — 1 

2 Im t 


5. 


M = 


= and 


P 
N 


Tf + 1 

2 Im t 



As previously mentioned, all the above cases satisfy the constraint H% A F3 = as ex- 
pected for a configuration without a 5-form RR flux. 



By choosing one of these constraints, we proceed to compute the curvature scalars from 
the integrability conditions on the 2d components of lOd spinors. It turns out that conditions 
(2) to (4) are easier to be considered in this procedure. Therefore, we shall concentrate on 
a configuration of RR and NS-NS 3-form fluxes given by (|2.10p satisfying one of these con- 
straints. 



3 Near-horizon geometry from RR and NS-NS 3-form fluxes 

Our main goal in this section is to compute the scalar curvature of the 2d spaces AdSz and 
S 2 (as a function of a specific flux configuration) from the integrability conditions on the 2d 
components of lOd spinors within a type IIB supergravity flux compactification scenario. For 
that, we assume a lOd space-time of the form AdS2 x S 2 x Xq, where the 2d spaces have 
arbitrary curvatures and Xq is assumed to have a SU (3) structure. We focus exclusively on 
the flux configuration formed by 3-form NS-NS and RR fluxes found in the previous section. 
In principle, we do not assume any relationship among the flux coefficients, but instead we 
look for solutions preserving N = 2 4d supergravity. These conditions restrict the AdS% and 
S 2 curvatures to be equal in magnitude, rendering the 4d space-time to be Ricci-flat. 



3.1 Ricci curvature from integrability conditions 

Let us consider the variation of fermi fields in type IIB supergravity in the presence of 3-form 
fluxes described by Eq. (|2.10p . When supersymmetry is preserved, the gravitino variation 
reads 

6^ M = V M e - 7 WM^e + -U* FaTM^e = (3.1) 
4 lb 

f e 1 \ 

with a being the Pauli matrices, and e = I 2 J the chiral spinors. We can observe that the 
ten-dimensional chiral spinors e 1,2 are correlated by the vanishing of the gravitino variation. 

Since we want to compactify a lOd supergravity theory into a maximally supersymmetric 
space which admits two maximal symmetric subspaces, we split the structure group of the 
tangent bundle SO(l,9) into SO(l, 1) x SO (2) x SU(3), where we have chosen a 6d internal 
space of SU(3) structure. Using the vanishing supersymmetric variation of the fermi fields, 
we shall obtain an independent equation for each of the two lOd spinors e 1 ' 2 . 
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Let us start by taking the 2d component of S^ 1 in a background threaded with the flux 
content (|2,10p . Using the fact that 

[^h^jkm] = {ri,r afem } = 0, (3.2) 

the M2-component of the gravitino variation is written as 

V,6 - - ^a 3 e + l^r^V = 0, (3.3) 

4 lb 

where = -F olm Toi m and F^ 2 \ = F" 23m ^23m- Our strategy here consists on commuting 

Tj with F% in the last term of the above equation by using the dilatino variation for a constant 
dilaton given by 

5\ = -lfao*e-\e*y z a x e = Q, (3.4) 

to decouple the ten-dimensional spinors e 1,2 . However, this seems difficult to perform unless 
F^'s or F^ 2 \ vanishes, but according to section 3, this is an available condition on the fluxes. 

In consequence, we shall consider the case in which P = 0, which corresponds to F 01m = 0. 
Therefore, the i-component of the gravitino variation reads, 

(Vi + e 1 = 0., (3.5) 

with a similar expression for the a-component. 

It is important to notice that the decoupling of the two lOd spinors is possible only in the 
presence of nontrivial fluxes H3 and F3. From now on, we shall concentrate on the equation 
involving e . A similar analysis is performed on the second spinor e 2 with similar results. We 
comment on those results at end of this section. 



Equation (|3.5p can be expressed as 

Vf ) e 1 = (V, + Ki)e l = 0, (3.6) 

with K{ = —\ Pi + glYI^. The chiral ten-dimensional spinor is not covariantly constant 
under the Levi-Civita connection, but under V^. 

The second step consists on computing the corresponding components of the connection 
directly from the metric we are working with. In this case, the metric is given by ds 2 = 
e 2A ( y ^g fJiU dx^dx u + h mn dy m dy n , from which the z-component of the covariant derivative of 
the spinor e 1 is 



Vf e 1 = \ Vi - ]pa (8) 0-8) $A + K^j e 1 = 0, 



(3.7) 



where we have denoted the covariant derivative with respect to the metric as V and 
Vi = Vi - |7i7 ® a® ft A. 

From the integr ability condition on the connection V, we have that 

[V^e^^/V, (3-8) 
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and from the gravitino variation we also have that 

[Vi, V^e 1 = -{d n Ad n A)~ Hj + -[747 ® ct® jM, + -[^,7^7 ® 5® ^] + ^iJe 1 - 

(3.9) 

Let us here consider the simple case previously mentioned, by taking a constant warping 
factor A . In that case, the Riemann tensor is given by 

W 7w-[«i,«i] = 0. (3.10) 

Notice that in the fluxless case, the contorsion and, therefore, the Riemann tensor vanishes 
for a constant warping factor , leading to a Minkowskian space-time . In this case, however, 
the contorsion brings an extra term even for a constant warping factor. Then, we have that 

[«o,«i] = ^{W Q ,¥i] + ^nw^i¥z]-^[¥^i¥^-^nW^Wi] 

= -^(iV 2 + M 2 )(Va 2 ) 7 oi. (3.11) 

Therefore from Eq. (|3.10| ) and by the maximal symmetry on AdS% with symmetry SO(l, 1), 
the corresponding 2d Ricci scalar is given by 

R(i) = -l(N 2 + M 2 )(Va) 2 . (3.12) 

Similarly, for S 2 with symmetry SO(2), the scalar curvature is Rm\ = —R(u- 

Hence, there is a unique 4d solution of this system, namely, the near-horizon geometry 
AdS-2 x S 2 with i?4 = 0. Contrary to the analysis in Sec. 2, where a relation among fluxes 
must be taken by hand in order to obtain the near-horizon geometry, here the relation among 
fluxes is established by requiring M = 2 supergravity in 4d (which implies the decoupling of 
the spinors e 1 and e 2 in (|3.1|) ). 

Even more, notice that we have found an alternative way for constructing a 4d space-time 
with an AdS% x S 2 symmetry by turning on 3-form fluxes, including NS-NS, rather than the 
inclusion of only 5-form fluxes. We conclude, therefore, that AdS2 x S 2 geometry is not 
necessarily constructed as the limit of an extreme black-hole, but also by a different choice 
on the internal manifold (see Sec. 3.2) and on the type of fluxes we turned on. 

Let us emphasize some interesting facts: 

1. For M = N = 0, i.e., in the fluxless case, both curvatures vanish and we recover the 
Minkowski 4d space-time. 

2. Although it seems that RR fluxes do not play a role in the curvature, they can not 
vanish, otherwise the contribution to R4 from Einstein equations by T would not be 
zero. 

3. From the curvatures Rn\ and Rr 2 ) , it is possible to construct an effective 4d metric of 
the form 

ds 2 = —^-dxQ H — 2^ x i + hdx 2 + h sin 2 X2dx 2 , (3.13) 
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with h = 2/|12(;n | . Besides reproducing the above curvatures, this metric must be a 
solution of the effective field theory in 4d. By ignoring the presence of moduli scalar 
fields produced by the compactification procedure, the effective theory contains gravity 
and fields with two antisymmetric indices induced by the presence of RR and NS-NS 
fields, which are effectively interpreted as electromagnetic tensor fields with no sources. 
Notice that the NS-NS and RR fluxes have both a smeared leg on the internal manifold. 

Therefore, in the presence of an homogenous electromagnetic field of the form 

F tp = 2\R {1) \ = - A {N 2 + M 2 )(Va) 2 , (3.14) 

there is a unique solution of the effective Einstein-Maxwell equations. This is the near- 
horizon metric of an extremal black hole, known as Robinson-Bertotti solution. Notice 
that coordinates of the H3 and F3 fluxes are effectively related to the homogenous 
electromagnetic field. It would be interesting to construct the effective 4d gauged 
supergravity by a compactification on a Ricci-flat internal manifold with torsion, and 
recover the above field as a function of the NS-NS and RR fluxes. 

4. The curvature of each subspace is proportional to the flux number (iV 2 + M 2 ). A big 
flux number corresponds to a highly curved 2d subspaces and to a smaller horizon area. 

5. Observe that the integrability conditions on the second lOd spinor lead to exactly the 
same result, since for that case 

= ir 4 p, (3.15) 

and both 2d curvatures are not modified with respect to the curvatures computed by 
the spinor e 1 equations. 

6. A different case would consider a RR flux configuration in which Q = 0. In such a case 
it is possible to show that a solution of the type AdS2 X S 2 as near-horizon geometries 
is also obtained. 

3.2 Internal manifold and its torsion 

At this point, we have some glimpses about the geometry of the internal manifold correspond- 
ing to the simplest case we have analyzed, where the warping factor is constant and the flux 
configuration is given by (|2.10p . Although a detailed classification of the internal geometry 
leading to N = 2 supersymmetry in 4d, consisting on two maximal symmetric subspaces, is 
beyond the scope of this work, we can at least say some generalities. 

(T) 

The internal spinors satisfy the equation Vm r\± = 0, this is, V m r] = K m rj, where the 
contorsion k has an intrinsic part k° which is an element of A 1 ® su(3)" L (the component in 
su(3) acts trivially on the spinors) |17t ITS] . This intrinsic torsion can be decomposed into 
SU(3) representations, denoted Wi, W2, W3, W4, W5 (see Appendix for notation). 
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In our case, the torsion component of the derivative operator, is given by the direct 
product of gamma matrices acting on the internal spinor. Then, for the Kahler form we have 
that 

- KqJmn = f | Wm ~ Vs^rn) lmnV ■ (3.16) 

By turning on fields with legs on extended coordinates we get that , |f m = (7<g>l(g>l)./VV m a+ 
(7 <g) a ® l)MV m a. This implies that dJ ~ K q J mn (dz q + dz q ) A dz m A dz n , i.e., it is in the 
(3 © 3) + (3 © 3) of 577(3). Then the torsion representation Wi corresponding to (3,0) and 
(0, 3)-forms is absent. For the general case, in which internal fluxes are turned on, it is pos- 
sible to get torsion Wi representations. 

For the covariant derivative of the holomorphic 3- form, we get that d£ls can be a (3, 1) 
or (1,3) forms, but only 9 out of 18 different (2,2) forms, for which we have all W5 577(3) 
representations, but a half of Wi and WV We expect, as well, that for the generic case all 
torsion representations Wi, W2, and W5 would be in principle allowed. 

For the simplest case we have previously concentrated on, we see that the internal curva- 
ture vanishes. This follows straightforward from the fact that an n-form contributes to the 
internal curvature as [19] 

^ 6 =T--^Tf = ^(^)F n 2 , (3.17) 

for which the flux configuration given in (I2.10p reduces to 

R Xe = l(M 2 -N 2 + Q 2 ) , (3.18) 

where the curvature is taken with respect to the Riemann connection. Hence, the internal 
curvature vanishes for /V 2 = M 2 + Q 2 as required from T = 0. This implies that the fluxes 
do not contribute to internal energy, rendering the internal manifold to be Ricci flat, with 
an 577(3) structure (by assumption) and with a constant warping factor. In the fluxless 
case, this forces the manifold to be CY. In our case, the torsion components are not trivial. 
The internal manifold must be Ricci-flat with nontrivial torsion components. Recently it was 
proved in Ref.([20j) that the scalar curvature of the metric, induced by the 5?7(3)-structure is 
expressed in terms of the torsion forms, opening up the possibility to construct manifold with 
the above mentioned properties. A detailed analysis of the torsion components are beyond 
the scope of this note, and we left it for future work. 



3.3 Nonzero scalar curvature for AdS2 x S 2 

In Sec. 2, we studied a particular case in which the configuration of 3- form fluxes (|2.10j) 
—preserving the symmetry of AdS2 x S 2 — leads to a 4d space-time with curvature 

R 4 = e 2A{y) (M 2 + N 2 -P 2 - Q 2 ), (3.19) 

which vanishes for the special case in which M 2 + N 2 = P 2 + Q 2 . A positive or negative 
curvature of this 4d space-time can be accomplished by taking fluxes which do not fulfill the 
above equality. Effectively, this corresponds to take different radii on the AdS2 and S 2 fac- 
tors in the 4d metric. However, from the flux compactification point of view, there are many 
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other different flux configurations yielding to a positive (or negative) 4d curvature rather 
than taking different values for the flux numbers iV 2 + M 2 and P 2 + Q 2 . 



The more general flux configuration consisting on a n-form T n with two legs on AdS2 , an 
m-form Q m with two legs on S 2 , and an internal p-iovm flux T~L p (all its legs on the internal 
space Xq) yields a 4d curvature given by 

jj, = e-M(-H^|^| + + i^Wj). (3.20) 

Different values for the fluxes yields to positive, negative, or null 4d curvatures. Observe 
that, although in these examples the space-time can have a positive Ricci-curvature, it is 
not asymptotically De-Sitter. However, it is worth noticing that by not requesting a maxi- 
mally symmetric 4d space-time, the possibility to achieve different values for the curvature 
increases. Thus, it would be interesting to consider different 4d symmetries in order to look 
for richer scenarios in which 4d scalar curvature acquire any possible value. One of them 
involves a 4d black-hole symmetry. 



3.4 Black-hole symmetry 

Consider a type IIB supergravity flux compactification into a 4d space-time with a metric 

ds 2 = e 2A ^g, v = e 2A ^ (-e 2U ^dt 2 + e~ 2U ^dx 2 ) . (3.21) 

The metric g^ u describes the 4d space-time around a single-centered static and supersym- 
metric black hole |21j . The interplay between fluxes and black holes has established very 
interesting lines of study, as the stability of black-holes in the presence of fluxes [22], the 
attractor mechanism |23} 124"] and the construction of black holes in a background threaded 
with fluxes [25], where the construction of black holes by D3-branes implies the presence of 
threeform fluxes and a fiveform. 



Here, we are interested in the minimal set of fluxes which preserve the above symmetry. 
Notice that we are not constructing a black hole, but just studying what kind of fluxes can 
be turned on in a supergravity compactification such that they are compatible with the 4d 
black-hole-like symmetry. One possibility is to consider fluxes which have only one leg on a 
timelike coordinate or three of them in the three spacelike coordinates. Following Sec. 2, we 
want to compute their contribution to the 4d curvature. 

The flux contribution to by fluxes of the form F n ~ fom 1 ---m n - 1 dx® Ady mi A - • -Ady™ 1 ™- 1 

is 

n = =j^, (3.22) 

while for fluxes of the form G p ~ Gijk9m\---m p - _ 3 dx { A dx j A dx k A dy mi A • • • A dy m p~ 3 , the 
contribution to R4 is 

T 2 = %^C%, (3.23) 

where we have denoted by x the coordinates on the extended 4d space-time and by y the 
coordinates on the internal 6d space. Notice that internal m-form fluxes J- m are still allowed 
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by the symmetry with the usual negative contribution. Therefore, the 4d scalar curvature 
i?4 has 3 different contributions, 

We see that the contribution of fluxes with a timelike leg is negative, rendering the 4d cur- 
vature to be positive, negative or null. 

The existence of a black-hole symmetry can be justified in a qualitative and speculative 
way as follows. The symmetry we associate to our 4d space-time could be determined in a 
higher scale than the scale of compactification -M C omp (which is assumed much larger than 
the supersymmetry breaking scale). In that situation, primordial supersymmetric black-holes 
(formed at a scale of energy A^bh such that -Mpi anc k << A^bh < -A^comp) could affect the 
symmetry of our space-time. Before compactification, the ten-dimensional space-time would 
be asymptotically flat, but it would turn positively-curved after compactification. The cur- 
vature would be determined by the fluxes present in the initial configuration. Clearly, a more 
extensive and detailed study is needed here. 

On the other hand, an interesting thing to do, concerns the construction of the effective 4d 
gauged supergravity constructed from the ten-dimensional setup we have studied. Recently, 
it was shown that gauged 4d supergravities admit flat and negative curved solutions. In 
particular, an AdS2 x S 2 geometry was found as a solution of a gauged M = 2 4d supergravity 
|llj . Even more, the theory contains black-holes solutions as shown in [12J. It would be 
interesting to study the effective gauged supergravity derived from a general flux configuration 
and compare it with the solutions shown in those references. 

4 Conclusions and final comments 

By considering a type IIB supergravity flux compactification on a six-dimensional manifold 
with SU(3) structure, we study the required conditions that an arbitrary flux configuration 
must satisfy to obtain a warped 4d space-time of the type AdS2 X S 2 as a near-horizon ge- 
ometry. We take into account the possibility to turn on NS-NS fluxes. 

Among all possible flux configurations, we concentrate on a simple minimalist solution 
consisting only on RR and NS-NS 3- form fluxes. Out of their three legs, two are on AdS2 
or S 2 , and one is smeared on the internal manifold. These fluxes thread a space-time with 
a constant warping factor. We show that this flux configuration is a solution of the Einstein 
equations and the corresponding Bianchi identities. They contribute with a null scalar curva- 
ture in 4d for a specific relationship among the flux coefficients. This renders the AdS2 x S 2 
geometry as a near- horizon geometry in 4d. 

We also compute the scalar curvature of the 2d spaces AdS2 and S 2 , as function of the 
fluxes, from the integrability conditions on the 2d components of lOd spinors. The setup 
consists on a flux compactification of type IIB supergravity threaded with the 3-form fluxes 
previously considered. However, here we do not assume any relationship among the flux co- 
efficients, but instead we look for solutions preserving N = 2 4d supergravity. This condition 
restricts the space-time AdS2 X S 2 to be Ricci-flat. 
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We comment on some characteristics the internal manifold has, as the fact that it is 
Ricci-flat with nontrivial torsion components. In the fluxless case, there is no torsion, and 
the manifold is CY. A detailed analysis of the torsion components are beyond the scope of 
this note, and we left it for future work. 

Summarizing, our work shows a way to construct a 4d space-time with an AdS% x S 2 
symmetry by turning on 3-form fluxes —including NS-NS fluxes— as an alternative to the 
well-known case of five forms associated to D3-branes and considered in literature so far. 
Therefore, we conclude that solutions of the type AdS2 x S 2 as near-horizon geometry are 
not uniquely constructed as the limit of extreme black-holes in ungauged super gravities, but 
also by compactifications on internal manifolds with torsion derived by the presence of ar- 
bitrary flux configurations. This opens up the possibility to construct black-hole solutions 
in the context of gauged supergravity in which the near-horizon limit would be described by 
our solution. We do not focus on this topic in our present work, but is worth mentioning a 
recent related study [26J. 

We also study the possibility to obtain different nonzero values for the curvature of the 
space-time AdS2 x S 2 by considering an arbitrary flux configuration. It is important to notice 
that the possibility to achieve different values for the curvature increases by not requesting 
a maximally symmetric 4d space-time. Under this perspective, we also study a flux com- 
pactification on a 4d space-time with a black-hole symmetry, i.e., with a symmetry derived 
by the presence of a super symmetric black hole. We find that the corresponding scalar cur- 
vature derived from the contribution of the fluxes to the energy-momentum tensor acquires 
all possible values. A positive curvature is accomplished by considering a flux with 3 legs on 
spacial-like coordinates. 

Recently, it was shown that gauged 4d super gravities admit flat and negative curved so- 
lutions. In particular, an AdS% x S 2 geometry was found as a solution of a gauged M = 2 4d 
supergravity [IT]. Even more, the theory contains black-holes solutions as shown in [12]. It 
would be interesting to study the effective gauged supergravity derived from our flux config- 
uration and compare it with the solutions shown in these references. 
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A Notation, Conventions and Calculations 

Here, we summarize the conventions and notations we use through the body of this paper. 
Also, we show some gamma matrix algebra calculations we refer to in the paper. 
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A.l Notations and Conventions 



For the gamma matrices in any dimension, we use 

rMi-Afjv = J^^[M 1 ^M 2 ■ ■ ■ ^M N ], (A.l) 

and for the covariant derivative on a spinor we take the spinor connection as 

Vm* = d M V - - a u ab m Tab- (A.2) 

We are working on a ten-dimensional space-time split in two spaces M4 x Xq. We use Greek 
index fj,,v,... to label 4d coordinates and Latin letters m,n,p, . . . for the internal coordi- 
nates. Since we also deal with a 4d space-time split into two maximal symmetric spaces, i.e., 
M4 = AdS2 x S 2 , we use Latin letters i,j,k,l to label coordinates on AdS2 with a metric 
signature (— ,+) and letters a,b,c,d for coordinates on S 2 with metric signature (+,+). 

The gamma matrices in ten dimensions can be constructed from lower-dimensional ones 
as follows. First note that in ten dimensions (i.e. for SO(l,9)) the gamma matrices (r^) 
as well as the chirality matrix (f) can be chosen to be real. The same holds true for the 
AdS2 part (for example 70 = 102, 7i = fi and 7 = (73). For S 2 the gamma matrices (a a ) can 
be chosen to be real (e.g. o\ and 03) while the chirality matrix (a) is imaginary (02) and 
in 6 Euclidean dimensions all the gamma matrices (7™,), including the chirality matrix can 
be chosen purely imaginary. With these conventions we construct ten-dimensional gamma 
matrices as 



Ti = 7; <g> 1 <g> 1 , 

T a = 7 ® a a 1 , 
T m = 7 ® a 7 m . 

The definitions of the chirality matrices are 



(A.3) 



7 = h'hili a = ^e ab a a a b , (AA) 
77 = ^- m ^ mi ... lme> , t = ^e M -- M ^T Ml ... lMw . 

With these definitions, we can check that 

f = 7<g)0-<g>77 . (A. 5) 

A.2 Some Gamma algebra 

Consider the 10 dimensional metric of the form ds 2 = e 2A (gijdx l dx^ +g a bdx a dx b )+h mn dy m dy n . 
In terms of the lower-dimensional gamma matrices, the antisymmetric product of lOd gamma 
matrices are given by 

T im = 7*7^5^7™, T am = 7 2 ®<T a a®7"\ (A.6) 
F ij P = ^ij-^-^Y, T abp = ^®a ab a®Y- (A.7) 

16 



Some quantities used in our calculations involve the following: 





j^pim, pj'ra" 


= 7 7 j <g> 1 <g> 7 m 7 n - 7 J 7 l 1 $ 


D 7 n 7 m , 


(A.8) 




pam pfera 


= l®A 6 ®7 m 7 n -l®(7V a 


®7 n 7 m , 


(A.9) 




= [r 0m , r r 01ra ] = 2 7 01 /i m ™ 1 ® 


1(8)1, 


(A.10) 


|^p3m p_^p23n" 


= [r 2m , r 2 r 23 ™] = 2 7 mn 1 ® a 23 


1, 


(A.ll) 


[T T 01m ,T 1 T 01n ' 


= 2 7 ol /i" m l0 




(A.12) 


[r r 23m ,rir 23n " 


= -2 70 i/t mn l (8) 1 ® 1, 




(A.13) 


[ ror 01m ri p23n 


= - [ToT 23 ™^^ 01 ™] = 2 7 mn l 


a 23 <g> 1. 


(A.14) 



A. 3 SU(3) representations of torsion 

In a three-dimensional complex manifold with SU(3) structure, there are two globally defined 
spinors constant under a connection with torsion. This connection splits in terms of 

the Levi-Civita connection V and a contorsion component k. The contorsion k is classified 
according to its SU (3) representations. We can elucidate these representations by computing 
the covariant derivatives of the Kahler (1, l)-form J and the holomorphic (3, 0)-form Q. These 
forms can be written in terms of the internal spinor as J mn = rf*y mn 7] and £lmnp — V+l'mnpV— ■ 
For an internal manifold with SU(3) holonomy, the internal spinor is covariantly constant 

and V ' qJmn — ^ q^mnp — 0. 

In general, for SU(3) structure, dJ is a threeform composed of all possible combinations 
of complex forms. Therefore, dJ transforms as 20 of SU(3) which decomposes as 

20 = (10 1)0(606)0(303), (A.15) 

corresponding to [(3, 0), (0, 3)], [(2, 1), (1, 2)] and [(1, 0), (0, 1)] forms, respectively. Such rep- 
resentations are labeled as Wi, W3 and W4. The W3 representation corresponds to traceless 
forms. 

Similarly, dSl is a fourform in the 24 of SU{3). Since dfl = (eZft) 3 ' 1 + (dtt) 2 ' 2 + (dfi) - , 
the 24 representation decomposes, respectively, as 

24= (3 3)' 0(8 8)0 (10 1). (A.16) 

These representations are accordingly labeled by W5 , W2 and W\ . The W2 representation 
corresponds to traceless (2, 2)-forms. 
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